In each of the four title compounds, namely (Z)-5-benzylidene-2-thioxothiazolidin-4-one, C 10 H 7 NOS 2 , (I), which crystallizes with Z H = 2 in space group P2 1 /n, (Z)-5-(4-methylbenzylidene)-2-thioxothiazolidin-4-one, C 11 H 9 NOS 2 , (II), (Z)-2-thioxo-5-[4-(tri¯uoromethyl)benzylidene]thiazolidin-4-one, C 11 H 6 F 3 NOS 2 , (III), and (Z)-5-(4-methoxybenzylidene)-2-thioxothiazolidin-4-one, C 11 H 9 NO 2 S 2 , (IV), there is a very wide CÐCÐC angle (ca 130 ) at the methine C atom linking the two rings. Pairs of NÐHÁ Á ÁO hydrogen bonds link the two independent molecules in (I) into a cyclic dimeric unit, and these units are further linked into complex sheets by three independent CÐHÁ Á Á%(arene) hydrogen bonds. The molecules of (II) are linked by paired NÐHÁ Á ÁO hydrogen bonds into centrosymmetric R 2 2 (8) dimers; the molecules of (III) and (IV) are linked into chains of rings, which are constructed from a combination of NÐHÁ Á ÁS and CÐHÁ Á ÁO hydrogen bonds in (III), and from a combination of NÐHÁ Á ÁO and CÐHÁ Á ÁS hydrogen bonds in (IV).
Comment
As part of a programme for the synthesis of new fused heterocyclic systems of potential biological application, we have been evaluating the use of (Z)-5-arylmethylene-2-thioxothiazolidin-4-ones as intermediates for cyclocondensation reactions, and we report here the structures of four such compounds, (I)±(IV), which have themselves been prepared by condensation of rhodanine (2-thioxothiazolidin-4-one) with arylaldehydes using microwave irradiation in a solvent-free system.
The structure of (IV) has been reported previously (Okazaki et al., 1998) using diffraction data collected at ambient temperature; however, no discussion of the supramolecular structure was given and there are no atomic coordinates deposited in the Cambridge Structural Database (Allen, 2002; refcode GOVXIY) . Compound (I) crystallizes in space group P2 1 /n with Z H = 2, while compounds (II)±(IV) all crystallize with Z H = 1; a careful search for possible additional symmetry in (I) revealed none.
In each of (I)±(IV) (Figs. 1±4) , the molecules are nearly planar, as shown by the values of the torsion angle (Table 1) de®ning the rotation of the aryl ring relative to the rest of the rigid skeleton. In addition, the methoxy C atom in (IV) is virtually coplanar with the adjacent aryl ring. In each compound, there is a fairly short intramolecular CÐHÁ Á ÁS contact (Table 2) , whose dimensions appear at ®rst sight to suggest an attractive hydrogen-bonding interaction forming an S(6) ring (Bernstein et al., 1995) . However, the bond angles associated with the central CÐCÐC fragment are all strongly indicative of a repulsive CÐHÁ Á ÁS interaction; thus, the angles at the methine C atom linking the two rings are all around 130
. Moreover, the two exocyclic angles at thiazolidine atom C5 consistently differ by ca 10 , and the exocyclic angles at benzene atom C61 consistently differ by ca 6 , always in the sense that the larger angle is that contained within the S(6) motif. All of these bond angles are thus consistent with a highly repulsive CÐHÁ Á ÁS contact, and it is noteworthy that the repulsive contact is accommodated by distortion of the skeletal bond angles in preference to a rotation about the C6ÐC61 bond, which might at ®rst sight appear to be the less energy-costly solution. In this respect, the behaviour of compounds (I)±(IV) resembles that of a series of 5-(arylmethylene)-1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-triones, whose essentially planar molecular skeletons are characterized by very wide CÐCÐC angles (ca 137±139
) at the bridging methine C atom (Rezende et al., 2005) .
In each of (I)±(IV), the ring angle at atom S1 is little greater than 90
, while in (IV), the exocyclic bond angles at the ring C atom ipso to the methoxy substituent show the usual deviations from 120 . The supramolecular structure of (I) is considerably more complex than those of (II)±(IV), and it is the only one of the series (I)±(IV) in which CÐHÁ Á Á%(arene) hydrogen bonds occur. For these reasons, we describe ®rst (II), which has the simplest supramolecular structure, then (III) and (IV), and ®nally (I).
The molecules of (II) are linked by paired NÐHÁ Á ÁO hydrogen bonds (Table 2 ) into a centrosymmetric R 2 2 (8) dimer (Fig. 5) , but the only direction-speci®c interaction between these dimers is a dipolar carbonyl±carbonyl interaction involving the C4ÐO4 bonds in the molecules at (x, y, z) and (1 À x, 1 À y, 1 À z). The O4Á Á ÁC4 i distance is 3.042 (2) A Ê and the C4ÐO4Á Á ÁC4 i angle is 81.52 (9) [symmetry code: (i) 1 À x, 1 À y, 1 À z], so that this interaction typi®es the nearly rectangular antiparallel type II motif (Allen et al., 1998) . The effect of this interaction is to link, albeit weakly, the hydrogenbonded dimers into a [100] chain. On the other hand, aromatic %±% stacking interactions and intermolecular CÐHÁ Á ÁO and CÐHÁ Á Á%(arene) hydrogen bonds are all absent.
The notional replacement of the methyl group in (II) by a tri¯uoromethyl group in (III) causes a marked change in the supramolecular aggregation. The molecules of (III) are again linked into centrosymmetric R 2 2 (8) dimers, but now by means of paired NÐHÁ Á ÁS hydrogen bonds, as opposed to the NÐ HÁ Á ÁO hydrogen bonds in (II). In addition, aryl atom C63 in the molecule at (x, y, z) acts as a hydrogen-bond donor to ketone atom O4 in the molecule at (À1 + x, À1 + y, z), so generating by translation a C (8) The molecule of (II), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 3
The molecule of (III), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 4
The molecule of (IV), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 5
Part of the crystal structure of (II), showing the formation of a centrosymmetric hydrogen-bonded dimer. For clarity, H atoms bonded to C atoms have been omitted. Atoms marked with an asterisk (*) are at the symmetry position (2 À x, 1 À y, 1 À z).
alternate with R 4 4 (26) rings centred at (n + 1 2 , n, 1 2 ) (n = zero or integer) (Fig. 6) . The tri¯uoromethyl groups lie on the outer edges of this chain; there are no direction-speci®c interactions between adjacent chains.
The supramolecular structure of (IV) also consists of a chain of rings, but now constructed from a combination of NÐ HÁ Á ÁO and CÐHÁ Á ÁS hydrogen bonds as opposed to the combination of NÐHÁ Á ÁS and CÐHÁ Á ÁO hydrogen bonds in (III). Pairs of molecules are linked by NÐHÁ Á ÁO hydrogen bonds into a centrosymmetric R 2 2 (8) dimer, just as in compound (II), and these dimers are linked by one component of a planar three-centre CÐHÁ Á Á(S) 2 interaction ( Table 2 ). The shorter component in this system is probably a repulsive contact as discussed above, but the longer component appears to be attractive. Aryl atoms C62 in the molecules at (x, y, z) and (2 À x, 1 À y, 1 À z), which form the R (Fig. 7) . In (I), where the two independent molecules are related by an approximate, but not exact, twofold rotation, the molecules are again linked by a pair of NÐHÁ Á ÁO hydrogen bonds (Table 2 ) into a dimeric aggregate (Fig. 1) . These units are then linked into sheets by three independent CÐ HÁ Á Á%(arene) hydrogen bonds, and the formation of this sheet is very readily analysed in terms of two one-dimensional substructures, one generated by inversion and the other generated by a 2 1 screw axis.
In the ®rst substructure, aryl atoms C163 and C266 at (x, y, z) act as hydrogen-bond donors, respectively, to aryl rings C261±C266 at (1 À x, 1 À y, 1 À z) and C161±C166 at (1 À x, Ày, 1 À z), so generating by inversion a chain along ( Delgado et al. C 10 H 7 NOS 2 , C 11 H 9 NOS 2 , C 11 H 6 F 3 NOS 2 and C 11 H 9 NO 2 S 2 o479 containing three types of ring, two of which are centrosymmetric (Fig. 8) . In the second substructure, which involves only one of the two independent molecules, aryl atom C166 at (x, y, z) acts as a hydrogen-bond donor to the C161±C166 aryl ring at ( (Fig. 9) . The molecule at ( were placed in open Pyrex-glass vessels in the absence of any solvent and irradiated in a domestic microwave oven for 3 min (at 600 W); the reactions were monitored by thin-layer chromatography. The reaction mixtures were extracted with ethanol; after removal of this solvent, the products were recrystallized from dimethylformamide to give crystals suitable for single-crystal X-ray diffraction analysis. 
Compound (I)
Crystal data For compound (I), the space group P2 1 /n was uniquely assigned from the systematic absences. Likewise, the space group P2 1 /c was uniquely assigned for both (II) and (IV). Although the unit cells for (II) and (IV) appear to have very different dimensions and shapes, with the b parameter for (II) nearly double that for (IV), both cells have values of close to 90 , so that not only are their reduced cells similar in dimensions but both are close to orthorhombic metrics. Crystals of (III) are triclinic; the space group P1 was selected and con®rmed by the successful structure analysis. All H atoms were located from difference maps and then treated as riding atoms. H organic compounds
Delgado et al. C 10 H 7 NOS 2 , C 11 H 9 NOS 2 , C 11 H 6 F 3 NOS 2 and C 11 H 9 NO 2 S 2 o481 Table 1 Selected geometric parameters (A Ê , ) for compounds (I)±(IV). Table 2 Hydrogen bonds and short intramolecular contacts (A Ê , ) for compounds (I)±(IV).
Cg1 and Cg2 are the centroids of the C161±C166 and C261±C266 rings, respectively atoms bonded to C atoms were assigned CÐH distances of 0.95 (aromatic and methine) or 0.98 A Ê (methyl) [with U iso (H) = 1.2U eq (C), or 1.5U eq (C) for the methyl groups]. H atoms bonded to N atoms were allowed to ride at the NÐH distances (0.90±0.93 A Ê ) deduced from the difference maps [with U iso (H) = 1.2U eq (N)]. In (III), the displacement parameters for the F atoms indicated some libration of the CF 3 group, but it was not found necessary to model this group with more than three F-atom sites.
For all compounds, data collection: COLLECT (Hooft, 1999) ; cell re®nement: DENZO (Otwinowski & Minor, 1997) and COLLECT; data reduction: DENZO and COLLECT; program(s) used to solve structure: OSCAIL (McArdle, 2003) and SHELXS97 (Sheldrick, 1997); program(s) used to re®ne structure: OSCAIL and SHELXL97 (Sheldrick, 1997); molecular graphics: PLATON (Spek, 2003) ; software used to prepare material for publication: SHELXL97 and PRPKAPPA (Ferguson, 1999) .
X-ray data were collected at the EPSRC X-ray Crystallographic Service, University of Southampton. JC thanks the Consejerõ Âa de Innovacio Â n, Ciencia y Empresa (Junta de Andalucõ Âa, Spain) and the Universidad de Jae Â n for ®nancial support. PD and JQ thank COLCIENCIAS and UNIVALLE (Universidad del Valle, Colombia) for ®nancial support.
Supplementary data for this paper are available from the IUCr electronic archives (Reference: SK1860). Services for accessing these data are described at the back of the journal.
